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r.^nr^. ^TTHH OF DR_ JMETjaiEJM 
1 I JANET KURJAN, reside at Morningside Heights, 
.e. York Citv, New Vork. X am not an inventor of the ahove- I 
..entified patent application nor do X have any fxnanc.ai 
interest in such application. X have .een asked hy the 
inventors herein to assist technically in the prosecution of 

this application. 

2 I have enclosed »y curriculu. vltae (Exhibit 1 

hereto,. »hich a»on, other things, indicates expertise and 
.^perience in the field o, yeast genetics and, especially, in 
the field Of use of the yeast .atin, factor includin, its use 
in ,enetic engineering. In this regard, X hold a Ph.o. degree 
,ro. the university of Washington and 1 a„ currently a 
professor in the »epart.ent of Biological Sciences, Colu^ra 

, -r alen thfi Same Janet 

university, »ew Vorlc, Kew Vork. 1 »•> also 

Kurjan who is a coinventor of U.S. Patent Ho. 4,5.e,oa-., c.te 
in this prosecution history, and »ho is an author of the 
article entitled -Structure of a Yeast PheroBone =ene (MM:A 
putative < -Factor Precursor contains for Tande. copies of 



Mature ^ -Factor" published in £eli Volume 30, 933-943 (1982) 

(Exhibit 2 hereto) . 

3. My work in the yeast genetic field prior to the 
effective filing date of the above-identified application has 
extensively included the study of yeast pheromone gene for 
mating factor alpha as exemplified by my U.S. patent and the 
aforementioned publication. In particular, my patent teaches 
that the mating factor alpha pheromone gene could provide a 
convenient tool to molecular biologists in the expression, 
processing and secretion of heterologous genes as exemplified 
in my patent by somatostatin, enkaphelin and ACTH. This is the 
extent of the teachings of my work, that is, that mating factor 
Tlpha" "could be used as a leader sequence to assist in the 
facilitation of the expression and secretion of particular 

heterologous peptides. 

4. However, this is not to say that this tool would 
always work or that all known mammalian peptides can 
liirctively be expressed, processed and secreted using the 
mating factor alpha system. To my general knowledge, others 
have reported a lack of success using the mating factor alpha 
gene in the expression, processing and secretion of 
heterologous peptides. In this regard, I note that yeast 
signal sequences do not automatically substitute for mammalian 
signal ' sequences in expression of mammalian genes in yeast 
cells. indeed, I was quite surprised to read that the Patent 
Office had attributed to my '082 patent a general teaching 
"applicable to obtaining secretion of heterologous polypeptides 
in c.>-.h.r»mcvces [sic]". It is ^y opinion that this 
overstates the teaching of my patent. 
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5. My patent teaches that mating factor alpha can 
be a tool for expression, processing and secretion of 
heterologous peptides but not that it is a method applicable to 
all heterologous peptide expression in yeast (Sa rcayomyces 



cerevisiae ) . Indeed, as aforediscussed, I have reason to 
believe that the teaching of my invention is not broadly 
applicable to all heterologous polypeptides. one reason for 
reaching this opinion is that the expression of heterologous 
peptides in yeast systems is not predictable. Each system (and 
each hormone) must be evaluated on its own and tested on its 
own. This is precisely what the inventors of the above- 
identified application have accomplished in establishing the 
successful creation of a yeast expression system capable of 
expressing, processing and secreting human parathyroid hormone 
in an intact or undegraded state in which the hormone is 

biologically active. 

6. I have carefully reviewed the above- identified 
patent application and all the prior art cited in the Patent 
Office Action of February 14, 1989. In so doing, I believe 
that the scientific work disclosed in the application to which 
this declaration refers is -a noteworthy advance in the field of 
yeast genetics and not at all apparent from my teachings nor 
the teachings of Mahoney and Kronenberg et al. The teaching of 
Mahoney uses a very different genetic construction than was 
used in the current invention. Nothing about the Mahoney work 
suggests the construction used by the present inventors to 
achieve intact expression, processing and secretion of mature 
human parathyroid hormone, Kronenberg et al specifically state 
that they failed to achieve proper processing or secretion of 
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mature parathyroid honaQne. Neither Mahoney nor Kronenberg et 
al uses the mating factor alpha gene. Therefore, the genetic 
constructions used by Mahoney and Kronenberg et al are not 
analogous to the genetic construction used in the current 
invention, 

7. This work is made even more noteworthy by the 
known fragility of the human parathyroid hormone especially to 
protease. It is quite possible that human parathyroid hormone 
degradation occurs at a dibasic amino acid sequence rendering 
it susceptible to cleavage by the KEX-2 endopeptidase, the very 
protease that is responsible for successfully cleaving the pro 
region of mating factor alpha. The ability to exploit the 
mating factor alpha system, including exploiting the naturally 
occurring yeast proteolytic activity exemplified by the 
aforementioned KEX-2 endopeptidase is an accomplishment that I 
find admirable and for which the inventors of the above- 
identified application should be given recognition. 

8. Similarly, it is a noteworthy aspect of this 
invention that despite the aforementioned difficulties, the 
inventors were able to overcome the noted problems of mating 
factor alpha when linked to a heterologous polypeptide, that 
is, with respect to the processing and secretion of the 
peptide. This the inventors have done, without any indication 
or teaching in the art cited in the Patent Office Action of 
February 14, 1989, including, in particular, my '082 patent, 

s • I declare that all statements herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true, i further state that these 
statements were made with knowledge that willful false 
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statements and the like so made are punishable by fine or 
imprisonment pursuant to appropriate sections, pf the United 
States code and that such willful statements may jeopardize the 
validity of the above-identified patent application or any 
patent issuing therefrom. 



Dated: August 1989 
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PREVIOOS RESEIRCHj 



UDdersraduaU Researoh— 
Graduate Thoais Research-1975-1979 

Tbeais Advisor-Bftujattin D. Hail 4.., ..ton and characterization of aaeotJd- 

My tha8l5 raaaarch Jj^f .Sli^^if^i^thlfatlmlnate auppreaaor function, 
ait. mutations m the yeast Ji^, "^J*^^ J*;jr;SSout tba Ptfion oncodlng tbe 
The nutationa ware .hovm to b. Ji'^ji*'^^!' J^JISf aequew Purtbar atudlaa hav. 
mature tHNA, with ona mutation In the i.val- of axpraaalon, 

Poatdootofftl Rw^^'-^l'r^^^S^^'SLtt 

Poatdoctoral Adviaor-lra ^•'••^'"f^"-^^. cloning and oharactarisatlon of tba 
Hy poatdoQtoral reaearoh involved '^rVXetor. a thirteen amino aold 

„ajor ftrSotural gene ,f ^ t^^ T'^^ * 

JepSde that la aaoretaaTy a cells J oontainlng three 

large precuraor, including a algnal !l .^aJSctop aaquenoe. Coapirlaona to 

stgfycMyiatlon sites, and four ''•^"i? °r5S%?;"raora of higher eulcaryotea 
ehSoteri^d P^'^^^'^^^^^'J:'':^^^^ from thla preouraor. 

CURRSHT RBSEiRCH! 

k»T,«a * and a. can mate with one 
Baploid yeaat o«ll» of opi»«»J^' TJ*'; of ceU-ceU Interaotiona oooup during 
«,othap to fcrm the a/* ^i^'i^i;;. .^'^ ^SUlon of oella of opposite mating type, 
the mating prooeflB. One i'^^^^J'^tJSwtS! tS! J- »nd o-agglutlnina. The aecond 
IB mediated by cell ourface S^y^J'^^*;^. Veapowa to lh« Ptptlde pbaromon.a, a- 
interaotlon Involvaa the aacretlon of '-^/^"^f.t^.i.^ting ..vral aapaot. of 
and cs-faetor. Tha work in my 1*° i» •«» 

theae oell-oell interactions. x continued atudlaa of tbt o-f actor 

During ay first few years »t Columbia, i ^^^^^j ay postdoctoral 

Btructural ganea. mi '^^^ ^J.^iSUS tSt i^ a^d *ra the only o-f actor 
Jesearoh. Diafuptlon »«tageneala ahowed that Jjp^ geaeriS required for a matin*, 
structural genea, that at laaat one «£,^^!iJ*%fiSctor production, to unuauax 
and that !gSl i« responsible f^'-J^-ejJ'jS^pti!^ mutant , a PTtially dominant 
Senotype-IHociated With one eiogeoou. a-faotor to •«i«i«tly 

4 Titian of mating, and the iaablllty of e^ogeoo . typotheaia that the 

iSivfatr t^e ratiS'defect of a gsl g^,? Sor^'tJa^role in ^faot- 
MToi preouraor playa a role In " * ,^^1,^1 sequence , a pre region 

?feuctlon. The \SlSl preouraor JeJr repeats of the O-f ' 

cootainug three H-tlywoy^'^i"? 'i**!!; SJion might play a role la «ating. 
in particSlar. we bad propoa.d JJ' J^;,„%o teat thta hypothaala. Deletion 
ic Sav. done aite-dlraoted '^^^J'tMLifioantly affect mating, 

Tt i large portion •/.^t^'SS^t^forreSt! 1*. believe that the l.clc of 
auggwtlng that our hypoth93ia was inoorrpw 



»n«vitUon of tha Bating defwt by fXOg.nouB o-fwtor may " J/"^^ 

only mat.5 efficiently with an o cell that is actively seeretin* J-f^J?;* «' ^ 
Si; aiao autated the H-glycoeylatien altea in the pro region to Jjj 
role of glyooeylfttlec of the preourecr tn ofwtor prooMalng 
i iutant with all three glycosylatlon sites •^■i^^*"^ ^ 
the wild-type and builds up ft prwuraor which haa uadergohe aljnal aequenoi 
cleavage, but no other prooesslng atepa. These results lndlO»ta that H- 
gjycosyiatlon la laportaat, but net essential, for aeoretlon «f *;f»«Jf ' ™* 
precursor buildup suggests that laoVe of glyoosylatlon results tlthtr In !•« 
efflolaut processing by the lys-arg endopeptldase responsible for " ••''^J 
prooeeslng step or in less effUlent transport from the ER to the Oolgir where 
?Ws procJsBlni step occurs. At this time. I do not plan ««^A^»V*J»?^'»^ 
MFa genes and plan instead to concentrate on the projects described below. 
— Several years ago, Peter Lipite (Hunter College) and I 
collaboration to study and a-agglutinins using a ^J^^}^ . 

approach, which would coaplement the biochemical approach that J* onsjjj^ f; 

Peter'» .ab, have iJOUted f »«^^^}"!"?" "^lltJJilli ' 

at least some of which should Identify the a- and Mgilutlnin struoturjl genes, 
and are using these mutants to clone the 8«es by ooaplwentatloa. J^e have a 
single oompleaentation group, *a2l, that result* in w ?:»''*°^"f,*f{i""*'"*" 
defect, consistent with the biochenical results that indicate that the 
o^agglutinin consists of a single polypaptide. have isolated a olone that 
complements agol and have saquenoad a 6 kb f ragmwit that " •f 
compWDiefltatit?r: This fragaent oontalns an open reading ^'^"Vf ^J^^.^^^J! J?"' 
that shows features predicted for the o-agglutinin. The J*"?^;^'?* ^J^,, 

Peter's estl»ate for the size of the o-aggluttnin, wino^terminal rtgl^^ 
features siMlar to signal ssquenoes of «o^««<»,f ^^^i*^' "J /^S*^! 
possible N-glycosylatlon sites and a high proportion of Mrlnae " 
expected for a protein that is modified by both ©-l^jj S^^an o- 

Peter's lab has shown that ISol does enoode the o-agglutinln by ahowing a"^^ 
aggiutihin.sp*cifio antibodTTJoognlzes a f^'i-^ P'^^^JJ^Sf jJSiS "SS^ 
the AOol open reading fraae laolated from E. coll. ^i^^;** fJtSin 

tnitUted Sarrently include an investigation ;;«fi««« o-agglutinln 
involved in binding to a-agglutinln and the possibility that a , , 
SpJJtldyllnSsltSl anthor is involved in looaliaation of the cuagglutinin to the 

"SJTi«l>»tinin is co«posed of a core and a Jf/^S^* S'trS'umSle 
of 90$ carbohydrate. Our a-agglutlnatlon defeotive jDUtants 
coaplsDentitlon groups, consistent with multiple .J^J^J^S^^ 
fall into one eOBPieaenUtion group, and we have recently ^fJ^'^J^f ;;*JJ"o . 3 
ooaplemcot these mutations. We have narrowed down the OMPl»»f»"'«/!fif 
TfrJ^Snt and are initiating seQuenoing of this fragment. Ij^j-Jj^ fjf 
this project is to elucidate the features of the i- and '^^tSiJi^SI 2Jec?lell 
involved in the protein-protein interaetioa a&d therefore mediate the direct oeil- 
ocli interaction between mating a and o cells. 4. tha 

Another aspect of the oeii-oell interactions involved in "^^^"f^" ^j. ^ 
re.pon.e to pherSmone. Sach of the ph.romon.s ^i" f '^.fj^f j;^,'"'?^ '^ 
matins type epeciflc receptor present on the opposite mating type. 
pneroDione-receptor Intersctions are intercbangable, Indicating 'Jat a ooamon 
intracellular pathway is involved in both ^"^""^"iM^fffg^JithJay. Our initial 
investigating the intraoelluler response 2?f ""^""5^^1?':„Sioated 1^51^ 
spproaoh involved the leclation of a gene CSSSS) that had ^-Jji"*?;,;; 
pathvmy. Mutations in the S§T2 gene result in eells that are byP'^JJjJJJ^* 
the opposite pheroBone and SPTdefeOtlve in recovery from phero-ona arrest. We 



Closed th. SSTI. sens by .cra.n,„E Of a .^1^^^^^ 'puSil H^i-* 

strain for transfonnaftts that ^J^Jt sequtnoe analyaie au«e.tB 

Iti this .ore«n shown to contain tb« Sf^.f ^^rZi^a ^ith M 8lgnlfie«t 
that 3ST2 enoodea a hydrophlUc ir«i^r« oS^tltutlvtly 

fiomol^to any prefin In tht ojrr.nt data J^^J ^,,,1 ,f .xpraaaion 

at low baaal lovala in a and a, but not f ' trpheroBOoa. U« P^opoat 
ia indued in a and a otUa by Jf.J'f « ^J.^^'itJ^?^^ phe.e»oo«, and 

that SST2 18 involved in <l«««naltlaatlon of celia to J^^oaaa. 
Soild-TIka to laarn the »eehanl.m of thia ^"•"'"^"JJ'J,;;^! Jthar plaa«lda 

During the proowa of clonln« Sgg, ^^Jf ^VtiMaLit cotitaina t gene, 
that ar. able to o«ppre.s jat2 -"Jf i*;;* a YlrThlSh of 

3CX3^ that encodes a 472 amino aold protein that •''J*- ' .uigaatlng that 

hIo ogy to the a aubunita of ^'"'J-SiS/nto?^?;' \^i^t^ok S^kl '\ 
SCOl ifalso a guanine nucleotide bindin« pro^^^^^^^ of 
rhaplold-apeotfio phenotypai a2£i oeiia proQu«« j oootrol of an 

larje, unbudded oella. The rat a aubunit, exprewed «»4;r^^^ Indicating 
Z^ltU yeast promoter, la able'to J^JPl*"'"^^, !lSrSting to not. that the 
fuSooal as well aa aeQuenoe "JJf^^*";^;^ Ij^lar to the structure of 

strwture of the a- and a-faotor reoeptora J^^^J'"': ■r^ing rhodopain, the 
reoiptora whose signal 1* aediated ^'^ J.J'^Ji'i^Ji.i^'i, JJSpoa. that Sffil a«4i«|tM 
B.adraner«lo reoeptor, and the "^^'^Jf^; "J'recaitor tJ an effector, although 
transduction of the J ^Jj.Jf i^J^^JhrSal for the role of 0 and 

our oodel for the role ^Ji JJ^^!" Jj!" ijlotiw 9V»Uru, reapecbivily. «• 
transduoin in the e-adrenePJIo "^J PjJ*"r;"|Si trfu^ther inveatlgate SCOl 
have constructed site-directed ^eot fuanlne nucleotide blJaing, 

funotlon. one mutation that la S;«<iif f^^J *iS a phSStype aimilar to the fiSfiJ 
baaed on analoglaa to IF-Tu "J^^i. ''•"^Jj J^J^^ii/bi^^^^ is laporbant for 
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Structure of a Yeast Pheromone Gene (MFa): 
A Putative a-Factor Precursor Contains 
Four Tandem Copies of Mature a-Factor 
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Summary 

We have cloned and sequenced a gene [MFa) cod- 
ing for a-factor, a tridecapeptide mating factor se- 
creted by yeast a cells. A plasmid carrying the MFa 
gene was identified by screening for production of 
a-factor by mata2 mutants, which fail to secrete a- 
factor because of simultaneous synthesis and deg- 
radation of the factor. The cloned segment codes 
for four mature a-f actors within a putative precursor 
of 165 amino acids. The putative precursor begins 
with a hydrophobic segment that presumably acts 
as a signal sequence for secretion. The next seg- 
ment, of approximately 60 amino acids, contains 
three potential glycosytatlon sites. The carboxy-ter- 
minal half of the precursor contains four tandem 
copies of mature a-factor, each preceded by spacer 
peptides of six or eight amino acids (variations of 
Lys-Arg-Glu-Ala-Asp-Ala-Glu-Ala), which are hypoth- 
esized to contain proteolytic processing signals. . 

Introduction 

Mating in yeast appears to be facilitated by oligopep- 
tide pheromones (mating factors) that cause arrest of 
cells of opposite mating type in the Gl phase of the 
cell division cycie (reviewed by Manney et al., 1981). 
a cells produce a-factor, which has two forms, 1 3 and 
12 L amino acids in length, the latter lacking the 
amino-terminal Trp residue of the tridecapeptide. a 
cells produce a-factor, which is 1 1 l amino acids in 
length and has two forms that differ in the sixth residue 
(Leu or Val) (BeU et al.. 1 981 ). Synthesis of a-factor 
requires cellular RNA and protein synthesis (Scherer 
et al., 1974). On the basis of these observations and 
by analogy with mammalian peptide hormones, it has 
been proposed that the yeast mating factors are de- 
rived by proteolytic processing from a larger precur- 
sor. 

We wanted to clone the a-factor structural gene 
{MFa, "a mating factor") for several reasons: to de- 
termine the mechanism of synthesis of a-factor and, 
in particular, to determine why only a cells and not a 
or a /a cells secrete a-tactor; and to assess the phys- 
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'ological role of a-factor in mating by isolating and 
analyzing mutants defective solely in a-factor synthe- 
sis. The most straightforward avenue for cloning MFo, 
by complementation of a yeast mutant defective in this 
9ene» was not possible because mutants defective in 
the o-f actor structural gene have not been identified. 
There are, however, several mutants that do not pro- 
duce a-factor (MacKay and Manney. 1974; Leibowitz 
and Wickner. 1976; Sprague et ai., 1981). An under- 
standing of the defect in a-factor synthesis in one of 
these mutants (defective in the MATa2 gene) provided 
a rationale for cloning the o-factor gene. 

According to the al-a2 hypothesis for control of 
cell type (Strathern et al.. 1981), the a mating type 
locus {MATa) codes for two regulatory proteins: o1. 
which stimulates expression of unlinked a-specific 
genes (perhaps including the a-factor structural 
gene), and a2, which inhibits expression of unlinked 
a-specific genes (Figure 1). mata2' mutants express 
certain phenotypes characteristic of a cells, notably 
mating with a cells and degradation of a-factor, which 
are ordinarily inhibited by a2 product (Strathern et al., 
1981; Hicks and Herskowitz. 1976a). Inability of 
^afa2 mutants to secrete a-factor results from expres- 
sion of the a-specific gene {BARD responsible for 
degradation of a-factor— /nata2 mutants defective in 
BARi produce a-factor (Sprague and -Herskowitz. 
1981). mat<x2 mutants thus produce a-factor but de- 
grade it at a rate sufficient to prevent its secretion. 
Our scheme for cloning the a-factor structural gene 
was based on the hope that ma/a2 cells containing an 
flf-factor structural gene on a high copy number plas- 
mid would produce more a-factor than could be de- 
graded. Such a plasmid was obtained and was shown 
to encode a-tactor. 

Results 

Isolation of a Plasmid That Allows a-Factor 
Production by mata2 Mutants 

We have used a clone bank (constructed by K. Na- 
smyth) that contains random genomic fragments of 
yeast DNA inserted into high copy number plasmid 
YEpi3 (Broach et al., 1979). This plasmid contains 
the origin of replication of the yeast 2^ plasmid and is 
present in 30-50 copies per yeast celt (Broach and 
Hicks, 1980; J. Broach, personal communication). A 
matQ2 feu2 recipient (strain XK41-10b) was trans- 
formed with plasmid ONA isolated from the clone 
bank, and 17,000 Leu* transformants were selected, 
pooled and replated on selective medium (lacking 
leucine). Approximately 50.000 colonies were 
screened for production of a-factor by the halo 
n^ethod (Figure 2; see Experimental Procedures). One 
colony (K69> exhibited a small, distinct halo on lawns 
of a tester cells. To confirm that the halo resulted from 
production of a-factor and not, for example, from 
production of killer toxin (which also forms a halo on 
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Figure 1. The al^2 Model (or Control of Yeast Cell Type and the 
Behavior of mata2 Mutants 
The mating typo locus i> shown on the left tor an a cell • "» 
,B) and a mata2 mutant (C). asg and .sg are o-sBecOc and ..se«:.f.e 
genes, respectively. Bold line with arrowhead indicates s'"""" °« 
gene activity: bold line with blunt end indicates inhibition ol synthesis 
(lor Bsg) or activity (tor o-lactor). 

sensitive hosts; Fink anti Styles. 1972). we assayed 
K69 for a-factor by the confrontation assay (see tx- 
perirrtental Procedures). K69 secreted a 
elicited cell cycle arrest and aberrant cell morphology 
irt a cells, indicating that it produces a-factor. Produc- 
tion of a-factor by K69 requires presence of a plasmid 
(p69A) in these cells: colonies grown nonselectively 
in the presence of leucine) that lose the Leu^ plasmid 
also lose halo-forming ability. Plasmid p69A thus ap- 
pears to contain a determinant that allows the mafa2 . 
recipient to produce o-factor. 

Behavior of Plasmid p69A in Different Strains 

Plasmid p69A was introduced into various yeast 
strains differing in their mating type locus and in the 
BARJ gene to determine whether it affected a-factor 
synthesis (Table 1: Figure 2). -Factor was assayed 
by halo formation on lawns of the most sensitive a 
tester strain (RC631). which carries the ssf2-J muta- 
tion (Chan and Otte. 1982). As ^'IP^^'^J; 
tion of p69A into a mata2-4 strain yielded cells that 
produced «.factor. This strain is still defective in mal- 
ino- hence, p69A does not simply comain a functional 
MATaZ gene. An important expectation for a high 
copy number plasmid carrying an a-factor structtjral 
gene is that it should result in overproduction of a- 
factor in a wild-type MATa strain. Plasmid 69A shows 
this property, as indicated by an Increase '" halo size 
(compared to a [YEpI 3]/MAro strain) when tested on 
a MATa ssf>-2 lawn. Similarly. [p69A]/MAT« strains 
produce a small halo on a MATa SST '^^n, whereas 
TyEpI 3]/MATa strains do not. Plasmid p69A thus 
contains a gene whose expression is limiting for a- 
factor production in wild-type a cells as well as in 
ma(o2 mutants. . . , , . 

The properties of p69A in several additional strains 
are also consistent 1 with the presence ot an a-tactor 
structural gene on this plasmid. lp69A]/mafaT-5 cells 
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Figure 2. o-Factor Production by Yeast Strains CarrylrH) Plasmids 
p69A or YEp13 

a-Factor production was determined by the halo assay on a tawn of 
MATa sst2 strain RC631 (see Experimental Procedures). Strains are 
(clockwise from the upper right): lYEp 13]/ ma ta2-4. lp69Al/mata2- 
4 [p69Al/MATa. [p69AJ/mara7.5, (p69Al/MATa bafl-h lP69Al/ 
MATa and lYEpl3]/M>ATa. Recipient strains carrying plasmids were 
XK4 1 -1 Ob (mafa2). DCS (MATa), XK96A2-6b imatal -5). DC6 (MATa) 
and G245-24C (MATa barl). 

produce a measurable amount of a-factor (a small 
halo) but considerably less than lp69AVrr7afa2-4 
cells. The poor production of o-factor by lp69A]/ 
ma*a7-5 cells is not surprising since ol product is 
necessary tor o-factor synthesis. Whether a^ product 
is necessary for synthesis of o-factor BNA or. for 
example, synthesis of an essential processing enzyme 
is not known. The low level of a-factor produced by 
lp69A]/mafa7-5 cells might result from transcription 
initiating from adiacent plasmid sequences or from 
leakiness of the mafot-S mutation. 

Plasmid p69A allows MATa strains detective in 
BAR1 to produce a low level of o-factor. Halo sizes in 
different transformants vary but are in some cases as 
large as those produced by [p69A]/mafat-5 cells. 
The ability of lp69A]/MAra barl cells to produce 
some a-tactor may reflect low-ievel o1 -independent 
expression of the plasmid gene conferring a-factor 
production or a1 -independent expression of another 
gene necessary for a-factor synthesis. (p69Al/MATa 
cells do not produce a-factor. We presume 
that this strain produces a-factor at the same level as 
the [p69Al/MAra bar7 strain, but that the a-factor is 
degraded by the BARl gene product. 

The ability of p69A to allow production of o-factor 
by mata2 mutants can be explained in a variety of 
ways; for example, this plasmid may carry an a-factdr 
structural gene or an antagonist of the BAH1 gene 
product. Nucleotide sequence analysis described be- 
low shows that p69A codes for a-factor. 

Plasmid p69A Codes lor a-Factor and a Putative a- 
Factor Precursor 

As a prelude to sequencing, the determinant for o- 
factor synthesis was localized within the 4 kb insert in 
plasmid p69A. The insert contains three Eco Rl sites, 
which define segments Ri-i, ri-2, R1-3 and R1-4 
(see Figure 3)* The RV2 fragment contains a cluster 
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Table 1 . Production of a-Factor by Strains Carrying Ptasmid p69A 

a-Factor Production Assayed 
on Tester Lawns 



Plasmid 


Nuclear 
Genotype 


MATa sst2'i MATa SST2 


p69A 


mata2-4 


+ 


p69A 


MAT a 


+ + + 


p69A 


matai'5 


+ /- 


YEpl3 


MATa 


+ + 


p69A 


MAT a barl-l 




p69A 


MAUBARI'' 





Strains carrying various plasmlds were tested for a-tactor production 
by the halo assay at 30* C on BBSD medium (to select for maintenance 
of the plasmid) as described in the Experimental Procedures. MATa 
testers were strains 227 {S$T2) and RC231 isst2'1). (+ +) wiid-type 
a-f actor halo: (-f ) halo smaller than wild-type: {+ + +) halo larger than 
wild-type: ( + / - ) smalt halo; (-) no halo. 

• Halo size varies in diMerent segregants from no halo to a halo as 
large as by lp69A)//T)ala ; -5 strains. 

" This tp69A]/MATa strain did not show increased level of a-lactor 
(J. Kurjan, unpublished observations). mata2-4. matal-5 and MATa 
strains carrying YEp13 did not produce o-factor. Strains are de- 
scribed lurther in the legend to Figure 2. 



Of four Hind III sites, which are separated from each 
other by 63 bp. Plasmlds lacking different Eco Rl 
fragments were constructed by partial digestion with 
Eco Rl followed by religation and were tested for a- 
factor production in XK4l-10b. These results indicate 
that the a-factor determinant is located in the 1 .7 kb 
fragment R1-2. All plasmids containing R1-2 allow 
factor production, whereas all plasmids lacking this 
fragment do not (Table 2). Plasmids that carry either 
the region of Rl -2 to the left to the Hind 111 site cluster 
(YEp13-H2) or the region to the right of the cluster 
(YEpI 3-H1 ) do not produce a-factor (Figure 3). These 
results indicate, that the Hind 111 sites of R1-2 lie within 
the gene responsible for a-factor production. 

The sequencing strategy is summarized in Figure 4. 
First, Hind tit sites 1 and 4 were 3'-€nd-labeled. and 
the sequences to the right of site 4 (and to the left of 
site 1) were determined. The last T of Hind 111 site 4 
(position 457) is the start of a sequence that codes 
for the a-factor tridecapeptide, which is followed im- 
mediately by a TAA termination signal (Figure 5). 
Sequencing leftward from a Sal I site 40 bp down- 
stream from the a-factor coding sequence revealed a 
surprise — the presence of four tandem sequences 
coding for a-factor. Each of these sequences is pre- 
ceded by a similar coding sequence of 18 or 24 
nucleotide pairs. Further sequence determination re- 
veals an ATG located 89 amino acids upstream from 
the first a-factor sequence. We have sequenced both 
DNA strands between the Hinf I site 1 and Sal I. which 
includes the entire coding region and some flanking 
regions. The remainder of the sequence has been 
determined for only a single DNA strand. The se- 
quence is shown in Figure 5. 
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Figure 3. Partial Restriction Endonuclease Map of the Insert Present 
in p69A 

Rectangle indicates the yeast DNA fragment inserted Into the Bam HI 
site ol YEpI 3; Hanking regions are from YEpI 3. The Inserted segment 
is drawn to approximate physical scale. Circles indicate Eco Rl sites: 
vertical bars indicate Hind tit sites. Rt-l. R1-2, a""^ f^^*^ ^re 
Eco Rl fragments: Hi and H2 are Hind III fragments. o-Factor pro- 
duction by plasmid derivatives tacking various fragments is given in 
Table 2 and shows that the MFa gene is located in fragment 01-2. 

Nucleotide sequence analysis thus reveals that 
plasmid p69A contains sequences coding for a-factor 
that are contained within a large coding sequence, a 
putative a-tactor precursor. We summarize the key 
features of this sequence here and present further 
discussion below. First, the precursor is 1 65 amino 
acids long, beginning with ATG and ending at TAA 
immediately following a-factor sequence 4. Second, 
the precursor contains four sequences coding lor 
identical o-factor tridecapeptides (a-factor 1 , 2. 3, 4). 
Third, between these a-factor sequences are regions 
coding for similar octapeptides, which we refer to as 
peptide "spacers'* S2. S3 and S4. Preceding a-factor 
1 is a similar amino acid sequence of six amino acids 
(spacer 1, SI). 

The Structure of the a-Factor Gene in Plasmid 
p69A Reflects the Genomic Sequence 

Does the yeast genome contain a MFa gene with four 
tandem a-factor coding sequences? Because our 
screen for plasmids carrying an a-factor gene was 
based on overproduction of a-factor, it is conceivable 
that the a-factor coding sequences observed in ptas- 
mid p69A resulted from tandem amplification of one 
or more a-factor coding sequences during propaga- 
tion of the plasmid in E, coli or in yeast. It is also 
possible that the genomic a-factor gene contains more 
than four copies of the o-factor coding sequence and 
that some copies are deleted during propagation of 
p69A in E. coli or in yeast. Several observations 
indicate that the structure of the insert in p69A reflects 
the a-factor gene in the yeast genome. First, all four 
a-factor coding sequences are not identical — a-f ac- 
tors 2 and 3 are identical, but differ from a-factor 1 at 
two positions and from a-factor 4 at five. It thus 
appears that the four a-factor coding sequences did 
not arise simply by quadruptication of a single ge- 
nomic coding sequence. Second, genomic DNA se- 
quences homologous to a-tactor coding sequences of 
p69A have been isolated from a clone bank by hybrid- 
ization (see Experimental Procedures) and thus with- 
out selection for overproduction of o-factor in yeast. 
The plasmids that have been analyzed contain an 
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Table 2. Localization of the a-Factor Determinant in d69A 

YEd 1 3 Derivative a-f actor Production by mata2'4 

Containing Fragments Strain Carrying Plasmid 

Rl-t.Rl-2.R1-3.B1-4 + 
R1.1.R1-2.R1-4 + 
R1.2. Rl-3. Rl-4 + 
Rl-4 

R1-l,fll-4 
R1-3. Rl-4 
R1-1, fll-3. ni-4 
HI 

H2 2 . — 

The plasmid carrying fragment HI contains the Hi Hind III tragment 
from p69A inserted into YEp13. All other plasmlds are deletion 
derivatives of p69A. Plasmld structures are shown in Figure 3. Ptas- 
mids were inserted into mBta2-4 strain XK41-I0b and tested for a- 
lactor production as described in the Experimental Procedures. 

insert whose size is identical with that in p69A. Finally, 
and most definitively, the yeast genome contains a 
segment identical in size with the ptasmid segment 
coding for a-factor. as shown in the following analysis. 
The four tandem copies of a-factor coded by p69A 
are on a Pst l-Sal I fragment of 51 0 bp. DNA from the 
yeast strain from which the clone bank was con- 
structed (AB320) and from plasmid p69A were 
cleaved with Pst 1 and Sal I and fractionated on high 
percentage agarose gels, on which a difference in 
size of one repeat unit (63 bp, spacer plus a-factor) 
was clearly distinguishable. The DNA fragments were 
then probed with a mixture of end-labeled 63 bp Hind 
III fragments (corresponding to a-factor 1 through 
spacer 4). As shown in Figure 6, the probe hybridizes 
to identical fragments of approximately SOO bp that 
are present in both>B320 and p69A digests. The 
yeast genome thus appears to have the same size a- 
factor coding tragment as the plasmid and thus pre- 
sumably contains four a-tactor repeats. 

A similar hybridization analysis of AB320 DNA 
cleaved with Hind III indicates that there are additional 
nucleic acid sequences that exhibit weak hybridization 
to a-factor probes and thus contain some homology 
to a-factor (J. Kurjan, unpublished observations). One 
segment contains homology only to the spacer. These 
sequences are under study. 
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Figure 4, Strategy for DNA Sequencing and Positions of Restriction 
Endonuclease Sites 

Arrows indicate direction and extent of sequence determination from 
the indicated sites. Restriction endonuclease sites: (9) Pst 1; U) Hinf 
I- tA) Taq i; (O) Hind lit; (•] Sal I: O Hpa U: (■) Fnu 4H. Hinf I sites 
} and 2 correspond to ttie right and left Hinf I sites, respectively. 



Discussion 

Cloning of an a-Factor Structural Gene 

Many yeast genes have been cloned by screening for 
ability of plasmids to supply the missing gene product 
to a mutant yeast strain (Broach et al.. 1 979; Nasmyth 
and Reed. 1980). Our method tor cloning an a-factor 
gene represents a variation and extension of this 
method in that we did not rely on a mutation in the 
structural gene that we wanted to clone. Rather, we 
screened for plasmids that allowed overproduction of 
a-factor to a level sufficient to escape from the deg- 
radation system expressed in mafa2 mutants. A con- 
firmation that plasmid p69A overproduces a-factor 
- comes from our observation that wild-type a cells 
carrying p69A overproduce a-factor (Figure 2). Quan- 
titative assays show that a-factor activity is increased 
at least sixfold and that o-factor cross-reacting mate- 
rial is increased 30-fotd (D. Julius and J. Thorr^er. 
personal communication), comparable to the level ex- 
pected from an increase in a-factor due simply to 
Increased dosage of the MFa gene carried on YEp1 3. 
Failure of cells carrying p69A to produce as much a- 
factor as cross-reacting material is presumably due to 
limitation in a-factor processing. 

In principle, overproduction of a-factor might also 
occur if the o-factor gene is under control by plasmid 
regulatory signals. Although we cannot rule out this 
explanation for p69A. the inserted DNA contains am- 
ple information flanking the coding sequence (approx- 
imately-2.5 kb before the coding sequence and 1 .3 
kb after it) and presumably contains the normal reg- 
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noring also a TGA codon corresponding to amino acid 
position 68). The significance of these other reading 
frames is unl<nown. 

Most yeast genes that have been sequenced con- 
tain an A residue three nucleotides before the in.tjat.on 
codon; the MFa gene does too. Beginnmg 128 nit- 
cleotides before the presumptive Initiation codon is a 
sequence (TATATAA) that closely reseriibles the 
TATA box found in several yeast genes (see Ben- 
nelzen and Hall, 1 982a). If MFa proves to be positively 
regulated by the a1 product of the o mating type 
locus, it wtt be of interest to determine whether genes 
that are positively regulated by al (such as STE3: G. 
F Sprague. Jr.. R. Jensen and I. Herskowitz. manu- 
script submitted) share common sequences. 

The region beyond the a-factor coding sequer^ce 
lacks tie sequence AATAAA that is found near the 
p?yAraddLsiteofmosteucaryotic9enes(Beno^ 

et al 1 980). Yeast genes appear to have a consen/ed 
sequence beyond the coding ^^'^f//' ^^^^^^^^ 
eludes the consensus sequence TAAATAAo (Ben 
netzen and Hall. 19e2a). The two sequences distal to 
?h riion coding for a-factor with the ^'-^'^^ 
molnav to this sequence begin at position 526 
TtmcAAAG and at position 596 (TAAAcAAc). This 
ron'doesLoontalnasjuenc^^^^^ 

r been proposed to be involved in transcnption 
termination (Zaret and Sherman. 1 982). 

Benneuen and Hall (1982b) have noted that yeast 
has a strong preference in using 23 of ttie 59 non- 
unique sense codons. The MFa gene "t.i.zes these 
Sreterred codons for 60% of its coding asagmente 
(see Table 3); notable differences include codons for 
Leu, His and Qly. 

Expression of UFa 

we do not know whether the o-factor gene that we 
have cloned is the gene used for «><-taf <^ P^°<^2°" 
in wild-type yeast. A definitive answer to lhis question 
wni come from replacement of the -'f ^^J^";'™^ 
sequence by mutant information contnbuted by the 
cloned gene. Several observations 'ndica^^; l^o^f 
fhat the cloned a-factor gene is expressed in yeaj. 
First the cloned gene contains the appropriate punc- 
Son signals for translation as well as Putatwe 
nals for transcription and is expressed when ca r«d 
on a plasmid. Second, MATa cells Produce a poly(A 
RNA species of approximately 500 nucleotides that 
hybridizes to the «-factor coding region of plasm d 
P69A. as determined by R-'ooP analysis carried ou n 
conjunction with J. Yokum (data not ^^own). FmaUy 
D iulius and J. Thorner (personal communication) 
have found that an <x strain defective ,n the ST£t3 
gene (Sprague et al.. 1981) produces lnac«^'« 
ofa-lacior. some with four additional ammo acids a 
the amino terminus of the mature factor. These four 



TaN«3 Codon Usaoe in the MFa Gene 


Phe UUU 4 


Ser UCU 


1 


Tyr UAU 


0 




UUC 2 


UCC 


3 


UAC 


5 


UQC 0 


teu UUA 6 


UCA 


£ 








UUG 5 


UCG 


Q 






Trp UQG 6 


Uu CUU 0 


Pro ecu 


4 


His CAU 




Aro CGI J 0 


cue 0 


CCC 


1 




0 


CGC 0 


CUA 3 


CCA 


6 


Gin CAA 


e 


CGA 0 


CUG 2 


CCG 


1 


CAG 


1 


CGQ 0 


lie AUU 4 


Thr ACU 


4 


Asn AAU 


2 


Ser ACU 0 


AUG t 


ACC 


0 


AAC 


3 


AGO 2 


AUA 1 


ACA 


3 


Uys AAA 


6 


Arg AGA 5 


Met AUG 5 


ACQ 


1 


AAG 


3 


AGG 0 


Vat GUU 3 


Ala GCU 


15 


ASP GAU 


5 


Gly GGU 1 


GUC 2 


GCC 


4 


GAC 


2 


GGC 4 


GUA 1 


GCA 


5 


Gtu GAA 


14 


GGA 0 


QUG 0 


CCG 


0 


GAG 


1 


GGG 3 


Data are trom ttte MFa sequence 


stiown in Figure 5. 



amino acids are those predicted from our sequence, 
n LddJion 10 the «-factor coding sequence that we 
have cloned, the yeast genome contains ttvee se- 
Tences with homology to the a-factor coding se. 
quence. Whether these sequences represent active 
a-factor genes is under study. 

Putative a^=actor Precursor: Functional Domains 
and Processing „ i cr 

The MFa gene contains a coding sequence of 1 65 
anSno acids that we believe is an o-factor precursor 
forprlpoly-o-tactor). Because the coding sequence 
s unStermpted and because B-loop analysis shows 
a co^nuous RNA-DNA duplex, there is no reason o 
r„;oke the existence of an i"'a'verjing seQ"^^^^^^^ 
the MFa gene. The amino-terminal segment of 22 
SJino acids is hydrophobic and resembles signal 
swuences found in a wide variety of secretory pro em 

pScuTo4. Which target Po'yP«P"''«V'°:C«.e^' 
S,d secretion pathways (Blobe. and Do.^^^^^^^ 
1975: Kreil. 1981). By analogy with othe sec etory 
orote ns we expect that the a-factor signal peptide is 
'n^S ion aTsociation with the endc^^ 
Im perhaps being cleaved after the a anine re.^ue 
at oosition 19 or 20 (see Sterner et al.. 19B0). to yieia 
SrS^factor (Figure 7). The signal peptide is 
SS^d by a (pro) segment of aPPJ— 3^^^^ 
amino acids, which contains three ^'^^"^^^^^^ 

rsra7^--=:^ 

s^ment is unknown, one possibility is that t 1, in- 
S in subsequent targehing of ^^^^^^^^.^'^ 
cursor to other processing and secretion sites in the 

cell. 
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FiQure 7. Scheme tor Processing of the a-Factor Precursor 
a-Factor oligopeptides are indicated by solid rectangles; the signal 
sequence by a diagonaity crosshatched rectangle; spacer peptides 
consist of Uys-Arg (horizontally crosshatched box) followed by two or 
three Glu-Ala or Asp-Ala pairs (open boxes). The order of some of 
the steps (for example, involving cleavages by carboxypeptidase and 
dipeptidylaminopeptidase activities) is arbitrary. Other details are 
given in the text. 

The second half of the a-factor precursor contains 
four tandem copies of mature a-factor. each preceded 
by a spacer peptide that presumably contains signals 
tor processing. For many mammalian polypeptide hor- 
mones, pairs of basic amino acids flank the mature 
product, as in proinsulin (Steiner et al.. 1980). pro- 
opiomelanocortin (Nakanishi et a!,. 1979) and pro- 
enkephalin (Stern et ai.. 1 981 ; Comb et al., 1 982). In 
fhese cases, action of a trypsin-like Proteas^ 
thought to yield the mature hormone containing an 
addiLal amino acid (or two) at t^e c^^^^^^' ^^/^^^ 
nus which can be removed by carboxypeptidase B 
action (see Hook et al.. 1982). Processing of poly-a- 
?actor may share common steps, but its process.ng 
must differ because the mature product is flanked by 
Tbasic amino acids only at its carboxyl terminus. 
Cleavage of poly-o-factor with a tn^PS'n-like Pr^^^^^^^^^^ 
would yield an intermediate with most of the spacer 
peptide linked to the amino terminus of a-^«<^t<5^;"^ 
with Lys or Lys-Arg at its carboxyl terminus (see 
Figure 7). The carboxyl terminus could then be 
trimmed by a carboxypeptidase (such as yeast car- 
boxypeptidase Y; Hayashi et ai.. 1973) or by a chy- 
motryptic activity for a-factor 1, 2 and 3; no such 
processing is required for a-factor 4, 

How is the correct amino terminus of a-factor pro- 
duced? Although one could invoke an endopeptldase 
that removes the spacer segment by cleavage be- 
tween Ala and Trp residues, findings on processing of 
honeybee promelittin lead to an attractive alternative 
hypothesis. Promelittin contains a 22 amino acid seg- 
ment at the amino terminus of mature melittin, which 
includes the sequence Qlu-m-mu-m-fKsp^m-Qlu^ 
A/a-Asp-Pro-G/u-A/a immediately preceding melittin. 
Kreil et al. (1980) have identified an enzyme, dipepti- 
dylpeptidase IV, that sequentially removes the 11 
amino acid pairs preceding melittin and stops at the 
amino terminus of melittin. G. Kreil (personal com- 
munication) has suggested that yeast cells may con- 
tain an analogous enzyme that is responsible for proc- 



essing the amino terminus of the a-factor intermediate. 
Oipeptidylpeptidase activities are found in a wide va- 
riety of organisms, including yeast (Suarez Rendueles 
et al., 1981). Observations on the sfet3 mutant of 
yeast' (D. Julius and J. Thorner. personal communi- 
cation) may indicate that the STE'lS gene product is 
involved in such a processing reaction. Another yeast 
gene that seems likely to play a role in processing and 
secretion of a-factor is K£X2, which is required for 
production of the secreted killer toxin and also for a- 
factor (Leibowitz and Wickner. 1976). 

Tanaka and Kita (1977) have described an oligo- 
peptide secreted by a cells that contains 1 1 additional 
amino acids not attached to the amino terminus of a- 
factor and hence presumed to be linked at the car- 
boxyl terminus. The amino acid composition of the 
additional segment shows no resemblance to the 
spacer peptide we have identified, nor can the addi- 
tional segment be generated by translational read- 
through of the stop codon at the end of the putative 
precursor. There are several possible explanations for 
the disagreement between our obsen/ations and those 
of Tanaka and Kita. The 24 amino acid form may be 
a bona fide precursor in some or all yeast strains, in 
which case the MFa gene we have cloned is used only 
in some strains or is not the only gene coding for a- 
factor Another explanation is that the additional 1 1 
amino acids may simply cochromatograph with mature 
o-factor rather than being covalently joined to it. It 
may be notable in this regard that nine of the 1 1 
residues at positions 73-83 of the putative precursor 
match the additional amino acids found by Tanaka 
and Kila. Perhaps the precursor is processed to yield 
an oligopeptide containing residues 73-83 that has 
high affinity for mature a-factor. 

The origin of the a-factor species containing only 
12 amino acids is not illuminated by our studies. The 
dodecapeptide may be formed after maturation of the 
tridecapeptide or be formed from the proposed inter- 
mediate by improper cleavage, or it may be coded by 
a different MFa gene. 

The finding that a-factor is produced as a precursor 
was no surprise. Since a-factor is a small, secreted 
oligopeptide, it seemed likely that an a-factor precur- 
sor would contain at least a signal sequence. The 
finding that the putative precursor contains four tan- 
dem copies of mature a-factor was, however no 
anticipated. It appears that precursors with multiP- 
copies of the same oligopeptide may have w'^^^jT^ 
currence. The precursor to mammalian en^^eP""^ 
contains six Met-«nkephalin sequences and one u ^ 
enkephalin sequence interspersed within ^ 
amino acid precursor (Kilpatrick et al.. 1 981 ; Cornt>^^^ 
al.. 1982). The enkephalins are not as reguianv 
ranged as the four a-factors in the a-factor precu 
and are separated by dissimilar oligopeptides. Bei*^^ 
al. (1981) have found that yeast a cells produce 
species of a-factor. both 11 amino acids long. ^.^^ 
differ at one position. It would not be surprising to 
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Table 4. Strain List 



Sirain Relevant Genotype Source or Reference 



0C5 


MATa leu2-3 10u2-1 12 hisS can) 


J. Hicks: Broach et al. (1979) 


DC6 


MATa tBu2-3 feu2-1 12 his4 can 1 


J. Hicks 


Gl2lC3-24a 


ma (o 2 -4 cry f teu2 h/s4 


G. Sprague 


XK41-I0b 


mata2-4 cryl HMLa leu2-3 Ieu2-1 12 


segregant from DCS x Gl2lC3-24a 


RC629 


MATa s$n-2 rme a<ie2- J hisB 


R. Chan. Chan and Otte (1982) 


RC631 


MATa $st2-1 rme ade2-l his6 


R. Chan. Chan and Otie (1982) 


AB320 


H0ade2-J /ys2-T trp5-2 l9ui-12 


K. Nasmyth, Nasmyth and Reed (1980) 


G116-4A 


maia1'5 cryl ura3 trpl his4 t9u2 


G. Sprague 


XK96A2-6b 


matal'S cryl /eu2-3 Ieu2-1 12 trpl 


segregant irom G1 16-4A x DCS 


G245-24C 


MATa tori -I /eu2-3 fau2-1 12 trpl 


G. Sprague 


227 


MATa ty si cryl 





that a-factor is produced as a precursor that contains 
both forms of a-factor. It should be possible to clone 
the a-factor gene {MFA) by a method similar to the 
one we have used for a-factor and determine its 
nucleotide sequence to test this proposal. 

Why do cells produce multiple copies of a hormone 
or pheromone from a single precursor? Perhaps the 
secretion pathway has minimum size requirements for 
transport into secretion vesicles or for other steps 
(see Steiner et al., 1 980). Production of multiple prod- 
ucts from a single precursor would also reduce 
"shipping costs" (as suggested by Irwin HerskowiU, 
personal communication), thai is, result in more effi- 
cient secretion of the mature product for each signal 
sequence and glycosylation event. Another remarka- 
ble finding on mammalian polypeptide hormones is 
that certain precursors are processed to yield different 
hormones, as in processing of pro-opiomelanocortin 
to ACTH. a-MSH, ^-endorphin and so forth (Mains et 
al.. 1977; Roberts and Herbert, 1977). Although our 
sequence data show that the a-factor precursor can- 
not be processed to yield a-factor, it will be of interest 
to determine whether the precursor gives rise to other 
peptides or intermediates in processing that nave 
biological activity. 

Experimental Procedures 

strains and Ptatmlds 

Suains are given in Table 4. The yeast clone bank was constructed 
by Kim Nasmyth in vector YEpl3 by insertion of yeast genomic ONA 
fragments partially digested by endonuclease Sau 3a as described 
by Nasmyth and Reed (1980). YEpl3 is a derivative of pBR322 
containing the yeast LEU2 gene and a yeast origin o* replication from 
the 2fi plasmid (Broach et al.. 1979). Plasmids YEpl3 and pBR322- 
MATa (containing the Eco Rl fragment of MATa: Nasmyth and Tatch- 
ell. 1980) were also provided by K. Nasmyth. YEplS-MATo. which 
contains a Hind III subfragment from pBR322-Mi4ra, was constructed 
in order to determine optimal conditions for halo formation. 

Media 

E. COM were grown on LB agar supplemented as necessary with 
ampicillin (100 Hg/ml) or tetracycline (20 jig/ml). Yeast complete 
medium (YEPD) and synthetic minimal medium (SO) are described in 



Hicks and HerskowiU (1 976b). o-Factor halo assays were performed 
on YEPO and SO media (BBMB and BBSD, respectively), buttered as 
described by Fink and Styles (1972). 

tnzym— and Radiochemicals 

Restriction endonucleases were obtained as follows. Fnu 4H was a 
gift from D. Russell and M. Smith. Eco Rl was obtained from Miles 
Uboratories and other enzymes were obtained from New England 
BioUbs. DNA tigase was obtained Irom P-L Biochemicals. calf alka- 
line phosphatase (grade I) and E. coU DNA polymerase I (Enzym A n. 
Klenow) from Boehringer Mannheim. 0."P-dCTP or oi-"P-dATP. used 
tor end-labeling ot DNA fragments were obtained from Amersham 
(2000-3000 Ci/mmole) or Irom New England Nuclear (600 CI/ 
mmole or 2000-3000 Ci/mmole). 

a-Factor Assays 

Productton of a-lactor by colonies or patches of cells was assayed on 
agar medium by the halo method (modified from Fink and Styles. 
1972) or on thin agar slabs by the confrontation assay (Duntze et al. 
1970). For the halo assay, approximately 10' a cells were spread 
onto BBMB or BBSD plates and were imprinted by replica plating with 
colonies or patches of cells to be tested for a-lactor production. In 
most assays, the • tester was strain RC631 . which carries the ss(2- 1 
mutation (Chan and Otlo. 1982). Under those conditions. matal-S 
and mata2^ mutants produce a halo at room temperature but not at 
30" C Of 34 "C. For the confrontation assay, a Una of cells (approxi- 
mately 1Q*-10«) to be tested for a-factor production was streaked on 
a thin agar slab (either YEPD or minimal medium). Individual a cells 
(usually MATa sst1-2 strain RC629) were then placed near the line of 
cells by micromanipulatton and observed for response to a-tactor 
(inhibition of budding, formation of elongated cells). Transformants 
carrying YEpI 3-derlved plasmids were tested on minimal medium 
lacking leucine (to select for the plasmid) and were Incubated over- 
night at 30'C before introducing the a tester cells. 

Screening Tranaformanta for o-Factor Production 
Plasmid DNA was extracted from the E. coli-yeast pool and used to 
transform /eu2 mafa2 strain XK41-10b to Leu* by selection on 
minimal medium. These colonies were collected and replated on 
selective medium and then assayed at 3G*C tor production of a-factor 
by the halo assay. Optimal conditions for this assay were developed 
by monitoring halo formation by cotonies of strain XK41-10b carrying 
plasmid YEpia-MATa. Maximal halo size was obtained under the 
following conditions. o-Factor assays were performed on minimal 
medium to select tor maintenance of YEp13. The tester strains used 
for the a-factor halo assay carried a mutation in the SSr2 gene, which 
leads to supersensitivity to o-factor (Chan and Otte, 1 982). In addition 
to transtormant K69. a few other transformants were ktontified that 
produced smaller halos. Those plasmids were not studied further. 



Cell 

Ik 



Conttruction of Platmtd Oertvatlvet 

The Hind III fraoment contalnirvg the MATa locua was transtefred from 
pBR322-MAra to YEpl3 by Cleavage of pBR322-M>^r« with Hind 111 
and ligatino to Hind Hl-cleaved YEpi 3 that had been treated with calf 
alkaline phosphatase. YEpl 3 carrying the 1 .3 kb Hind III fragment of 
p69A (plasmid YEpl3-Hl) was constructed in a similar manner. A 
derivative of p69A lacking the HI fragment (plasmid YEpl 3-H2) was 
obtained by cleavage of p69A with Hind III followed by circuiarizalion. 
Derivatives of p69A tacking different Eco R! fragments were con- 
structed by partial digestion of p69A with Eco Rl followed by ligation. 
Amp' E. coli transforments that complement the bacterial /eu8 muta- 
tion must contain the 4,6, 4.0 and 2.3 kb Eco Rl fragments (which 
includes a small fragment of the yeast Insert in p69A. fragment Rl- 
4). Presence of additional Eco Rl fragments (R 1-1. 1.1 kb; R1-2, 1.7 
kb; R1-3. 1.0 kb) was determined by restriction endonuclease di- 
gests. Plasmids were then transformed Into the m0ta2-4 strain and 
tested for ability to produce o-factor. 

ONA SM^uenclng and HybrldUatlon 

The sequencing procedure of Maxam and Gilbert (1977; 1980) was 
used. DNA fragments were labeled by the 3' -end-labeling techniaue 
(Smith et al., 1979). All restriction endonuclease sites used for 
labeling DNA ends have been read across in an independent se- 
quence analysis. Hybridizations to restriction endonuclease frag- 
ments were performed by the method of Southern (1975). 
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Sir: 



preliminary to the prosecution of this application, 

i-viat- the following amendments 
applicants respectively request that the 

be entered and remarks be considered, 

aMTlMDMENTS 

THF. CLAIMS : , .„ / 

£ ' -7 ifi 24.. 25^ SO-'and 31. 
Please cancel claims i' /' 7'^3 ' . 

, . n'^i^ A and 5 by deleting in the 
Please amend claims 2, 3, 4 ana d 

I nrst line of each clai™ "1" and substituting therefore -43- 
Please a»en<i clai.s 20 and 21 by deleting in ^the 
,i.st line thereof -18" and substituting therefor -43-.- 

I' „ .i»<m 22 in the second line thereof by 

!| Please amend claim 22 in tuc ^ .... 

i| deleting "IS" and substituting therefor -43-: 

;i _yease3dWJthe_foll<3win 

i' "l^^. A DNA sequej^e encoding yeast mating factor 

-P* r)/'^ V.O re wherein said DNA sequence 

tl^l and human parathyr/id horr,.nc ^..e.^ 

1^ stably transform a/east cell thereby conferring on sa.d 

' transformed yeast ce/ the ability to express and secrete an 



intact human parath/roid hormone. 



'ExpreM Wail" Watlino Label Numbor Pf^^l 
Dote o1 Deposit ^ / 



'r.-.f lis i; 



IfOlO UI WVIW^i .1 , I — ..■ 

{ hcreUv ccrtlty th^T ihia pnpcr c.vJ.'..-. , 

<»epor.i;od \vi:h tho United Giatoa PostiM C j:v:ro "!^*'***-^ 
MaH Post Olficc TO AtJiroscoo" sorvico ur..i:T 37 C.Kn 
1.10 on my dato indiceted aboyn ond ia a-idiosJ* 
to tho Commiisionor of Potenio and TroUerruititi. 
Waahinoton. D.C. 20231. 




37. The ^t^a/;/parathyroid hormone of claim 36 

wherein said hormone is ^^--glycosylated. ^ 

^ ' i-i;*TTn wherein said DNA 

The' DNA sequence of claim^ 

^^^^ . nucleotide sequence set forth in 

sequence comprises the nucieotiae h 

Figure ll. / 

^3^ The yeast cell of claim^ wherein said cell xs 

in the genus p^v^aromvces* / 

^ jXS^e yeast cell of claim^ ^^'^ 

of the species c,o^> ,:.,.r.,,,vee«; rPrevisj.^e .. ^ 

.g^ ^ The yeast cell of claim^ ^^^'^ 

a budding yeast cell. / 

/ ^ The human parathyroid hormone of claim^r 
Wherein^ said hormone has hiological activity substantially 
equivalent to naturally occurring human parathyroid hormone. 

43 A plasmid for insertion intp/yeast and capable 
Of autonomous replication therein compr^/ing the ON. sequence 

of claim 36, / 

44. A plasmid for inser/on into yeast and capable 
Of autonomous replication theU comprising a ON. seguence 
encoding the parathyr^l^qne of claim 37. 

45 A pl/^V insertion /nto yeast and capable 
of autonomous replica^^^/thereir^^^^ the ONA seguence 

of claim 38. / / 

46 A pL4s4d fop4nsertion into yeast and capable 

Of autonomous reXtion^herein capable of transforming the 

yeast cell of cl^im 39. 

47. / plasmid for Insertion into yeast and capable 
Of autonomou/ replication therein capable of transforming the 

yeast cell/of claim 40. 

/48. A plasmid for insertion into yeast and capable 
of aut/nomous replication therein capable of transforming the 
^ yeast cell of claim 41. 
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,„Z„ia .o™n„ A O.U 0.P..1. ~P»"i"' ""^ 
a/ ..cr.ti«, s/d .XP»..« ™A 
.„viro™.nt, ..ia ..cr.t.d, «.p™=^ ™ 

human parathy^id hormone. 

50 The transformad^^l of claim 49 wherein said 
OH. sequence encoding ye^.t^ting factor alpha encodes yeast 

mating factor alpha l.V^ 

51. The tr-^gfTrmed cell of claim 49 wherein saxd 

human parathyroidZrmone is not glycosylated. 

>^yt: The transformed yeast cell of clai^;;^ wherein 

^«n,t,rises the nucleotide sequence of 
said DNA sequence comprises 

Figure 11- 

^^yf The transformed yeast cell of claim^ wherein 

said^ast cell is of the genus ^^^S^. 

f ^The transformed yeast cell of claim^wherein 

said^ast cell is of the species ,s.,^^^,mi^^S.^^^^i^' 

The transformed yeast cell of claim ^ wherein 

said ?east cell is a budding yeast cell. 

.-pvf^The transformed cell of claim^*^ wherein said 
exprestd^^an parathyroid hormone has a hiological activity 
substantially equivalent " to naturally occurring human 

parathyroid hormone. 

57. X transformed yeast c^<C capable of expressing 

and secreting intact human parathy^id hormone. 

58 The tran^rmed/^ast cell of claim 57 wherein 
said cell expresses aW-tes a. nonglycosylated, intact 

human parathyroid hormgnY 

59 The/t^ansi^rmSTVeast cell of claim 57 wherein 
said expressed^a4 secreted intact human parathyroid hormone 




,as biological activity substar^t^Uy ec^ivalent to naturally 
occurring hunan parathyroid/hormone. 

60. The tran^rmed yeast cell of claim 59 wherein 
said intact human .a/L^-S^-. is not glycosylated. 



At the outset, applicants wish to thank the Examiner 
for the courtesies she extended to applicants' representatives 
during an interview on June 22, 1989. During that interview, 
the Examiner and applicants' representatives exchanged their 
views with respect to the instant file wrapper continuation 
application. The Examiner advised that declarations setting 
forth the unexpectedness of applicants' expression and 
secretion of human parathyroid hormone in yeast would he valued 
by the Examiner during her examination of any claims in the 
instant file wrapper continuation case. Accordingly, 
applicants enclose herewith declarations from two of the 
inventors. Dr. Karre M. GautviK ("CautviK Decl.") and Dr. 
Odd S. Gahrielson (-Gahrielson Decl.-). and a declaration from 
or. .anet Kurjan ("Kurjan Decl."), who is not an inventor in 
this case. 

Applicants have carefully studied the position of the 
Examiner as set forth in the Official Action from the parent 
case dated February 14, 198S. In addition, applicants have 
carefully evaluated the statements made by the Examiner durxng 
the aforementioned June 22, X989 interview. In light of these 
activities, applicants have filed a file wrapper continuation 
i application concurrently with this Preliminary Amendment. It 
' is respectfully asserted that the amendments made herein, when 
considered in light of the remarks made herein, render the 
claims of this continuation case allowable. 
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Applicants have cancelled claims 1. 6, 7, 18, 24, 25, 
30 and 31 fro. the parent case. The dependency of clai.s 2. 3, 
, , ao, 21 and 22 have heen amended so that these claims now 

-, <™ Ai New claims designated 36-60 have 
depend from new claim 43. new 

.een added. Of these, claims 36, 49 and 57 are independent 

from claim 48 and claims 58-60 depend from claim 57. 

i = are limited in some way to the 
All the new claims are ximiueu 

expression and secretion of intact human parathyroid hormone. 
Xn this regard, applicants most fervently point out that they 
..e the first to express intact human parathyroid hormone in 
yeast such that the intact hormone is secreted into an 
extracellular environment. 

TO effectuate the processing and secretion of intact 
.uman parathyroid hormone, applicants were faced with numerous 
p.ohlems, as set forth in the declarations filed herewith, 

-,<^*-»hnitv of biological expression 
including the unpredictability 

systems. Cabrielson Oecl. , 4. These difficulties were 
exacerbated by the fact that human parathyroid hormone is an 
extremely unstable polypeptide. GautviK Decl. , 4. The 
instability of the polypeptide is manifest by its ready 
susceptibility to naturally occurring protease activity 
including naturally occurring protease activity in yeast cells. 
Evidence of this protease susceptibility is manifest in in^ 
biological systems by the large amount of parathyroid hormone 
fragments found in thyroid glands, e.g., large numbers of 
carboxy terminal fragments. One aspect of this degradation 
problem was transport of the expressed human parathyroid 
normone to the yeast cell men^rane in such a manner so that the 
Hormone is secreted as an intact and properly processed hormone 
and so that the hormone is not degraded by the aforementioned 
susceptibility of the hormone to protease attacK. Applicants 



. J Heiiahted by their success in 

were both surprised and deligntea oy 

overcoming these problems. 

The expression system which applicants devised 
permitted the expression ot mature, intact human parathyroid 
Hormone in yeast cell systems by construction of transformed 
cells, DNA sequences and plasmids that combine the structural 
ONA sequence tor human parathyroid hormone with nonstructural 
sequences instructing yeast cells to express and secrete the 
structural hormonal polypeptide. The selection of an 
appropriate nonstructural leader sequence encoding expression 
and secretion of the structural sequence and the processing off 
Of this leader sequence without any degradation or destructive 
effect on the human parathyroid hormone itself is an important 

aspect of this invention. 

in the preferred embodiment of the instant invention, 
applicants selected the prepro portion of mating factor alpha. 
Xt is important to the proper functioning of this embodiment 
that this nonstructural leader sequence gene contains both the 
p.e portion and the pro portion. Oautvi. Decl. , 5. This xs 
contrary to the teachings that suggest that only the pre 
portion is needed for expression and secretion of polypeptides 
and ve.st. Cabrielson Oecl. , 3. Applicants' studies suggest 
that both the pre and pro portions of mating factor alpha are 
needed to ensure expression and secretion of intact human 
parathyroid hormone. Accordingly and as set forth in the 
instant application, e.g., at page 8, line 25, applicants have 
used in their preferred embodiment the prepro part of the 
mating factor alpha 1 gehe (.ee also Figure 11). In light of 
this aspect of the preferred embodiment, applicants have 
amended all of the claims from the parent case and submitted 
new claims in the instant amendment. These new claims all 
contain a limitation to the aforementioned yeast mating factor 



alpna .en. which, as shown by the specification, includes the 

prepro portion thereof. 

Respecting the new claims, the Examiner's attention 
is respectfully directed to independent claims 36, 49 and 57. 
AS is plainly evident from the claims, all of the claims rec.te 
as a limitation the requirement of yeast mating factor 
alpha including the prepro portion and/or secretion thereof of 
intact hormone. In addition, the claims recite limitations 
such that the expression of the DNA encoding human parathyroxd 
normone manifests itself in the expression ^ secretion of 
iuiast human parathyroid hormone. 

It is most strongly asserted that these new claims, 
with the aforementioned limitations. are patentable and 
manifestly distinguish over the prior art. As applicants have 
already most vigorously asserted, they are the first to express 
intact human parathyroid hormone in a yeast system and the 
nrst to Show significant biologic activity of the expression 
product. GautviK Oecl. 1 APPU-ts' new claims now 

manifestly recite the expression of such a hormone and the fact 
that the expressed hormone is human parathyroid hormone 

that is Applicants have already set forth above that 

all of the Claims are limited in addition to the aforementioned 
factors the requirement of a yeast mating factor alpha 1 
including the prepro region thereof. Hone of the prior art 
references of record in the parent case teach this invention. 
Gautvik Decl. n 4, 6, 8 and 11; Kurjan Decl. 1 4. 
j The Kurjan, et al reference, U.S. Patent No. 

i . 546,082, has been cited by the Examiner for teaching "a 
1 method applicable to obtaining secretion of 

i; heterologous polypeptides in SoscbaEomyces. " It is 

!i respectfully contended that this statement vastly overstates 
!; the teaching of the Kurjan patent. Kurjan Decl. , 4. The 



Kurjan patent aiscXoses an important tool for use .y molecular 
.iologists, to Wit, use of the .atin. factor alpHa phero.one 
,ene for expression of .a^aaXian peptides in yeast cell 
systems. Kur^an Oecl. 1 3. ^ particular, the Kurgan patent 
uses .y way of e.a.ple three peptides somatostatin, en.aphel.n 
ana ACTH. Although the Kurjan worK is certainly important, xt 
is not a -COOK booK" teaching for expression of maKonalxan 

Decl. 19. For example, reports 
peptides in yeast. Gautvilt Deci. i 

are extant indicating a lac. of success using the mating factor 
alpha gene in the expression, processing and secretion of 
Heterologous peptides. Kurgan Oecl. , This failure of 

others is in part due to the unpredictahility of hiological 
systems, Kur3an Oecl. , and indicates that it would not he 
at all expected that the Kurjan worK could be applied to 
expression of intact, properly processed human parathyroid 
hormone. Oahrielson Oecl. 5, 6. In view of the fragility 
Of human parathyroid hormone and the established 
unpredictability of using mating factor alpha in genetxc 
constructions for expression of heterologous peptides, the 
accomplishment of this invention is truly noteworthy. Kurgan 

Decl. 1 8; Gabrielson Decl. % 8. 

one of the reasons the Examiner has overstated the 
teaching of Kurgan is the Examiner's apparent failure to 
appreciate the nature of proteolitic degradation and 
proteolitic processing in yeast cells. Veast cells are gu.te 
rich is protease activity. Gabrielson Oecl. ^ 4. In addition, 
the amino acid sequence of human parathyroid hormone suggests 
that it would be susceptible to cleavage by the naturally 
occurring yeast protease. KEX-2 endopeptidase . Th.s xs a 
significant problem for the inventors to overcome because the 
KEX-2 endopeptidase is the protease responsible for cleavage of 
the pro region of mating factor alpha. Kurjan Decl. H 7. 



With respect to the Mahoney reference cited in the 
parent case, applicants respectfully .ut .ost pointedly note 
that only a »iniscule portion of the hormone cloned in Mahoney 
is secreted outside the cell. Particularly, with reference to 
the table on Page 20 of the Mahoney published European 
application, it is evident that only approximately one-ninth of 
the expressed hormone is outside the cell and, of that tiny 
amount, virtually no biologic activity is seen outside the 
cell. Gautvik Decl. «! 10. In addition, the radiomunoassay 
used to detect the presence of the hormone extraceXlularly did 
^ assay for complete hormone but for one of three fragments 
thereof. Accordingly, it is respectfully urged that Mahoney 
explicitly demonstrates the great difficulty in obtaining 
secretion of the human parathyroid hormone outside a cell in 
any appreciable amount and the extreme difficulty in obtaining 
such secretion in a manner so as to preserve biological 
activity. Moreover, Mahoney uses a different genetic 
construction than the instant invention. Kurjan Decl. 1 6. 
Thus, the achievements of applicants are highly noteworthy and 
certainly nonobvious in view of the failure of Mahoney, et al. 

Kronenberg is clearly distinguished from the present 
invention. Firstly, the genetic construction of Kronenberg is 
not the same as that used" in the instant invention. Kurjan 
Decl. 1 6. Kronenberg did not use mating factor alpha. 
Moreover, the expressed PTH was not processed nor was it 
secreted in the yeast expression system of Kronenberg. Id. 
Accordingly, Kronenberg demonstrates the difficulty of 
expressing human parathyroid hormone in yeast and, therefore, 
manifestly evidences the nonobviousness of applicant's 
invention, inter alia, because it does not provide how to make 
a genetic construction that would permit the proper expression, 
processing and secretion of intact human parathyroid hormone. 



Kurjan Deol. 1 8. Indeed, the difficulty of achieving the 
proper genetic construction is evidenced by the failure of 
applicants to obtain proper expression, processing and 
secretion of human parathyroid hormone by their own failures. 
Gabrielson Decl. 1 3. Regarding the Examiner's contention that 
the failure of Kronenberg was obvious because Kronenberg failed 
to use a yeast signal sequence, applicants refer the Examiner 
to the statements made by Dr. Kurjan, the discoverer of the 
benefits of the yeast mating factor alpha system in genetic 
constructions, that the use of this genetic tool is not a 
guarantor that all mammalian peptides can effectively be 
expressed, processed and secreted in yeast cells using the 
mating factor alpha system. Kurjan Decl. 1 4. 

It is important to appreciate the unique 
juxtaposition of problems faced by the applicants in their 
construction of this invention. Applicants were faced with the 
dilemma of using the proteolytic enzymes of the yeast cell for 
cleavage of the mating factor alpha leader sequence from the 
downstream heterologous protein, human parathyroid hormone, 
while at the same time ensuring that this very proteolytic 
activity required for cleavage of mating factor alpha did not 
cleave, degrade or adversely affect human parathyroid hormone 
following its expression and secretion from a yeast host cell. 
Kurjan Decl. 1 7. The proteolytic enzyme is believed to cleave 
mating factor alpha at its C-terminal end is KEX-2 
endopeptidase. This endopeptidase acts on a substrate 
comprising at least two basic amino acids. The structure of 
human parathyroid hormone is such that it contains at least two 
distinct such basic amino acid regions making both these 
regions potential cleavage cites for the endopeptidase enzyme. 
Gautvik Decl. % 7. Accordingly, one of the hurdles that the 
applicants overcame in their invention was to exploit the 
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proteolytic activity of endopeptidase for cleavage of mating 
factor alpha without having this very same endopeptidase attack 
basic amino acid cleavage cites extant in human parathyroid 
hormone. Gabrielson Decl. 1 6. Applicants most forcefully 
contend that no other researchers or inventors faced with this 
dual problem were successfully able to achieve expression and 
secretion of hormones such as human parathyroid hormone using 
yeast mating factor alpha leader sequences. In this regard, 
attention is directed to the declaration of Dr. Gabrielson at 
paragraph 7 thereof in which the fact that certain heterologous 
peptides have been expressed in yeast is discussed but, as Dr. 
Gabrielson points out, none of these peptides has the 
proteolytic susceptibility of human parathyroid hormone, 
indeed, as attested to by Dr. Gabrielson, those peptides having 
the proteolytic susceptibility of human parathyroid hormone 
have either not been expressed or not been secreted using the 
alpha mating factor system. Gabrielson Decl. 17. In view of 
this applicants respectfully contend that none of the 
references from the parent case so much as suggest that 
applicants could have been successful in their achievement of 
expressing and secreting human parathyroid hormone. 

Applicants believe that the other references cited by 
the Examiner in the final- action of the parent case are 
considerably less pertinent to the currently claimed invention 
when compared with the aforediscussed three references of 
Kurjan, . Mahoney and Kronenberg. Gautvik Decl. '^11. 

Nonetheless, applicants would take this opportunity to briefly 
point out some of the distinguishing features between their 
invention and these less pertinent references. In Breyel, et 
al, the expression product is formylmethionyl human parathyroid 
hormone which is expressed only in the cytoplasm and only in 
extremely small quantities. Bom, et al uses the human prepro 
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, >, n parathyroid hormone (not the prepro portion 
se<riences of human parathyro . ,^ Moreover, 

of mating factor alpha) to transform the whole 

• f intact human parathyroid hormone is obtained, 
no production of intact nuia f 

r:ti:::.u;.. ...... 

IS the case remaining 

t-he remarks, that 

teaches the eftecT: q efficiency of 

.on and Chang teaches that translational efficiency 
codon and Chang function of the 

euKaryotic proteins in pro.aryotes is 

start codon and the ribosome binding sit 
distance between the start 

It is noted that all the now pending claims 
rjLon Of human parathyroid hormone in a euKaryotic cell, 

T'view Of the foregoing, applicants strongly hold 



the claims. 



NO fee is deemed necessary for this Preliminary 
^endment. However, if the Examiner believes a fee is due, she 
is authorized to charge Deposit Account No. 12-1095. If the 
Examiner has any in^iries with respect to this case, she is 
encouraged to contact applicants' counsel. 

Respectfully submitted, 



LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK 



Bruce H. Sales 
Reg. No. 32,793 



600 South Avenue West 
Westfield, New Jersey 07090 
(201) 654-5000 
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